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C BY-NC-Abstract Michael addition reaction of 1,3-diphenyl-propenone 1a, e, and f with o-amino thiophe-
nol in the presence of indium trichloride gave the benzothiazine derivatives 2a–c. Condensation of
the compound 1a, e with o-phenylene diamine in triethylamine gave the benzodiazepine derivatives
3a–b. Cyclization of 1d with malononitrile in the presence of NaOR/EtOH gave the compound 4.
Addition of thiobarbituric acid in triethylamin to 1a gave 5. Condensation of compound 1c with
malononitrile in the presence ammonium acetate gave compound 6. 1,3-diphenyl-propenone 1a
used as key starting chalcone to react with different active methylene reagents under phase-transfer
catalysis condition gave compound 7–9. The structures of the prepared compounds were mainly
conﬁrmed on the basis of spectroscopic methods.
ª 2010 King Saud University. Production and hosting by Elsevier B.V.Open access under CC BY-NC-ND license.1. Introduction
The Michael reaction is one of the most efﬁcient methods for
effecting carbon–carbon bond formation and has wide syn-
thetic applications (House, 1972; Kabashima et al., 2000). This.A. Al-Jaber).
y. Production and hosting by
Saud University.
lsevier
ND license.reaction and its close variants have been extensively used in or-
ganic synthesis (Jung et al., 1993). Generally, Michael addi-
tions are conducted in a suitable solvent in the presence of a
strong base either at room temperature or at elevated temper-
atures (Bergmann et al., 1959). Due to the presence of the
strong base, side reaction, such as multiple condensations,
polymerizations, rearrangements and retro – Michael addi-
tions are common. Chalcones or 1,3-diaryl-2-propen-1-ones
are natural or synthetic compounds belonging to the
ﬂavonoids. They exhibit diver’s biological activities, such as
antimicrobial, anticancer, antiprotozoal, antiulcer, anti-
inﬂammatory, among others (Anto et al., 1995; Dimmock
et al., 1999; Hisieh et al., 1997; Ram et al., 2000), and thus
comprise a class with important therapeutic potential. Benzo-
diazepines derivatives have long been know for their wide
range of therapeutic and pharmacological properties. Nowa-
days, many members of diazepine family are widely used
as anticonvulsant, analgesic, sedative, antidepressive, and
Table 1 Physical properties data of compounds (1–9).
Comp. no. Molecular
formula
Solvent M.p. (C) Yield (%)
1a C15H12O Ethanol 84–85 72
1b C16H14O2 Ethanol 87–88 76
1c C15H11BrO Ethanol 91–92 82
1d C16H13BrO2 Ethanol 101–103 66
1e C15H11ClO Ethanol 98–99 68
1f C16H13BrO2 Ethanol 89–91 87
2a C21H17NS Ethyl
acetate
100–102 83
2b C21H16ClNS Ethyl acetate 145–146 67
2c C22H18BrNOS Ethyl
acetate
123–124 62
3a C21H18N2 Ethanol 129–130 60
3b C21H17ClN2 Ethanol 132–133 64
4 C21H17BrN2O2 Ethanol 197–198 56
5 C19H16N2O3S Ethanol 210–211 69
6 C18H12BrN3 Ethanol 221–222 60
7 C18H14N2O Ethanol 209–211 70
8 C22H24O5 Ethanol 71–72 56
9 C21H20O3 Ethanol 112–113 76
46 N.A. Al-Jaber et al.hypnotic agents (Landquist, 1984; Randall et al., 1973). Benzo-
diazepine derivatives also ﬁnd commercial use as dyes for ac-
rylic ﬁbers Baun et al. (1977) and Haris et al. (1970), and
some 2,4-diaryl-7,8-dimethyl-2,3-dihydro-1H-1,5-benzodiaze-
pines have been tested against breast cancer and have shown
moderate activity (Rodriguez et al., 2004). In the course of
the synthesis we came across an interesting feature of these
derivatives.
2. Experimental
Melting points were determined on a Tottoli capillary melting
point apparatus and are uncorrected. IR spectra were run for
KBr discs on Perkin Elmer FT spectrophotometer 1000. 1H
and 13C NMR spectra were recorded on a JEOL ECP 400
NMR spectrometer, operating at 400 MHz in CDCl3 (or
DMSO-d6) with TMS as internal standard. Chemical shifts
are given in d ppm and coupling constants (J) are given in
Hertz. Electron impact (EI) MS spectra were carried on Shi-
madzu GCMSQP5050A spectrometer, DB-1 glass column
30 m, 0.25 mm, ionization energy 70 eV, at Chemistry Depart-
ment, College of Science, King Saud University.
All the prepared compounds were identiﬁed by physical
properties, IR, MS (Table 1), 1H NMR (Table 2) and 13C
NMR (Table 3).
2.1. General procedure for the synthesis of 1,3-diphenyl-
propenone (1a–f)
A mixture of NaOH (2.2 g, 0.055 mol), water (20 mL), ethanol
(20 mL), acetophenone derivatives (0.043 mol) and benzalde-
hyde derivatives (0.043 mol) was stirred at 15–30 C for 2–
3 h and left in the refrigerator overnight. The precipitated solid
was then ﬁltered, washed with water, then washed with ethanol
(2 ml), dried, and crystallized from ethanol affording yellow
crystals. Compounds 1a–f was characterized by IR, MS, 1H
NMR and 13C NMR (Tables 1–3).2.2. 1-(4-Bromo-phenyl)-3-phenyl-propenone (1c)
Yellow crystals, m.p. 91–92 C; IR (cm1): 1658.6 (C‚O); 1H
NMR (CDCl3): (Table 2);
13C NMR (CDCl3): (Table 3).
2.3. 1-(4-Bromo-phenyl)-3-(4-methoxy-phenyl)-propenone
(1d)
Yellow crystals, m.p. 101–103 C; IR (cm1): 1655.39 (C‚O);
1H NMR (CDCl3): (Table 2);
13C NMR (CDCl3): (Table 3).
2.4. General procedure for the synthesis of 2-Benzyl-3-phenyl-
2H-benzo [1,4] thiazine (2a–c)
These compounds were prepared following the same proce-
dures as in ref. (Yadav et al., 2005).
A mixture of o-amino thiophenol (0.001 mol), the appropri-
ate chalcones (0.001 mol) and indium trichloride (2 · 105 mol)
in ethanol (10 mL) was stirred at room temperature. The reac-
tion was monitored by TLC. After completion, the mixture was
cooled and the precipitated solid was ﬁltered off, the residue
was crystallized from ethyl acetate to give (2a–c).
2.5. 2-Benzyl-3-phenyl-2H-benzo [1,4] thiazine (2a)
Yellow powder, m.p. 100–102 C; IR (cm1): 1608 (C‚N);
MS: m/z (%) 315 [M+] (5.51) (C21H17NS);
1H NMR (CDCl3):
d 3.O8 (1H, t, HX-2, JA–X = 12.4, JM–X = 13), 3.32 (1H, dd,
HM-9, JM–X = 13, JA–M = 4), 5.00 (1H, dd, HA-9, JA–X
= 12.4, JA–M = 4), 7.14 (1H, dd, H-4
00), 7.22 (1H, m, H-7)
7.36–7.28 (5H, m, H-6 & H-200, 600 & H-300, 500), 7.46 (1H, td,
H-40), 7.5 (2H, d, H-30, 50), 7.55–7.75 (1H, m, H-5), 7.63
(1H, dd, H-8), 8.07 (2H, dd, H-20, 60); 13C NMR (CDCl3):
(Table 3).
2.6. 2-(2-Chloro-benzyl)-3-phenyl-2H-benzo [1,4] thiazine
(2b)
Yellow powder, m.p. 145 C; IR (cm1): 1610 (C‚N); MS:m/z
(%) 349 [M+] (4.98) (C21H16NS
35Cl); 1HNMR (CDCl3): d 2.87
(1H, t, HX-2, JA–X = 12.4, JM–X = 13), 3.37 (2H, dd, HM-9,
JM–X = 13, JA–M = 4), 5.57 (2H, dd, HA-9, JA–X = 12.4, JA–M
= 4), 7.24–7.16 (3H, m, H-400& H-500 & H-600), 7.33 (1H, dt, H-
300), 7.37 (1H, dd, H-7), 7.48 (1H, dd, H-6), 7.52–7.49 (3H, m,
H-30,50 & H-40), 7.68 (1H, dd, H-5) 7.70 (1H, t, H-8), 8.17 (2H,
dd, H-20, 60); 13C NMR (CDCl3): (Table 3).
2.7. 2-(4-Bromo-benzyl)-3-(3-methoxy-phenyl)-2H-benzo
[1,4] thiazine (2c)
Yellow powder, m.p. 123 C; IR (cm1): 1611.15 (C‚N); MS:
m/z (%) 424 [M+] (19) (C22H18BrNOS);
1H NMR (CDCl3): d
4.33 (1H, t, HX-2, JA–X = 12.4, JM–X = 13), 4.59 (2H, dd,
HM-9, JM–X = 13, JA–M = 4.4), 6.26 (2H, dd, HA-9 JA–X
= 12.4, JA–M = 4.4), 5.21 (3H, s, OCH3), 8.41 (1H, dd, H-
40), 8.48 (1H, d, H-20), 8.51 (1H, d, H-60) 8.64 (1H, d, H-7),
8.71 (1H, d, H-50), 8.76 (2H, d, H-200, 600), 8.80 (1H, d, H-6),
8.87 (2H, d, H-300, 500), 8.92 (1H, d, H-5), 9.01 (1H, d, H-8);
13C NMR (CDCl3): (Table 3).
Table 2 1H NMR data of compounds (1–9) in CDCl3(DMSO-d6) (d in ppm, J in Hz).
Compd.
no.
1H NMR
1a 7.54 (1H, d, Jtrans = 15.77 Hz, H-a), 7.82 (1H, d, Jtrans = 15.77 Hz, H-b), 7.50 (2H,
d, H-2 & H-6), 7.43 (2H, d, H-3 & H-5), 7.42 (1H, t, H-4), 8.03 (2H, d, H-20 & H-60),
7.53 (2H, d, H-30 & H-50), 7.65 (1H, t, H-40)
1b 3.85 (3H, s, OCH3), 7.41 (1H, d, Jtrans = 15 Hz, H-a), 7.79 (1H, d, Jtrans = 15 Hz,
H-b), 6.93 (2H, d, J= 8.4 Hz, H-3 & H-5 AA0 part of AA0XX0 System), 8.01 (2H, d,
J= 8.4 Hz, H-2 & H-6 XX0 part of AA0XX0 System), 7.6 (2H, d, H-20 & H-60), 7.53
(2H, d,H-30 & H-50), 7.57 (1H, t, H-40)
1c 7.46 (1H, d, Jtrans = 15.4 Hz, H-a), 7.80 (1H, d, Jtrans = 15.4 Hz, H-b), 7.62 (2H, d,
J= 8.8 Hz, H-2 & H-6),7.44 (2H, d, J= 8.8 Hz, H-3 & H-5) 7.42 (1H, t, H-4), 7.63
(2H, d, J= 8.8 Hz, H-30 & H-50 AA0 part of AA0XX0 System), 7.88 (2H, d,
J= 8.8 Hz, H-20 & H-60 XX0 part of AA0XX0 System)
1d 3.84 (3H, s, OCH3), 7.33 (1H, d, Jtrans = 15 Hz, H-a), 7.76 (1H, d, Jtrans = 15 Hz,
H-b), 6.91 (2H, d, J= 8.4 Hz, H-3 & H-5 AA0 part of AA0XX0 System), 7.59 (2H, d,
J= 8.4 Hz, H-2 & H-6 XX0 part of AA0XX0 System), 7.61 (2H, d, J= 8.8 Hz, H-
30& H-50 AA0 part of AA0XX0 System), 7.85 (2H, d, J= 8.8 Hz, H-20 & H-60 XX0
part of AA0XX0 System)
1e 7.54 (1H, d, Jtrans = 15 Hz, H-a), 8.15 (1H,d, Jtrans = 16 Hz, H-b), 7.39 (1H, d, H-
3), 7.27 (1H, t, H-4), 7.28 (1H, t, H-5), 7.44 (1H, d, H-6), 7.98 (2H, d, H-20 & H-60),
7.5 (2H, d, H-30 & H-50), 7.71 (1H, t, H-40)
1f 3.85 (3H, s, OCH3), 7.71 (1H, d, Jtrans = 15.4 Hz, H-a), 7.96 (1H, d,
Jtrans = 15.4 Hz, H-b), 7.66 (2H, d, J= 8.8 Hz, H-2 & H-6 AA0 part of AA0XX0
System), 7.88 (2H,d, J= 8.8 Hz, H-3 & H-5 XX0 part of AA0XX0 System), 7.62 (1H,
m, H-20),7.24 (1H, dd, H-40) 7.5 (1H, t, H-50), 7.8 (1H, d, H-6)
2a 3.08 (1H, t, HX-2, JA–X = 12.4, JM–X = 13), 3.32 (1H, dd, HM-9, JM–X = 13, JA–M
= 4), 4.99 (1H, dd, HA-9, JA–X = 12.4, JA–M = 4), 7.14 (1H, dd, H-4
00), 7.22 (1H, m,
H-7), 7.36–7.28 (5H, m, H-6 & H-200,600 & H-300,500), 7.46 (1H, td, H-40), 7.5 (2H, d,
H-30, 50), 7.55–7.75 (1H, m, H-5), 7.63 (1H, dd, H-8), 8.07 (2H, dd, H-20, 60)
2b 2.87(1H, t, HX-2, JA–X = 12.4, JM–X = 13), 3.37(2H, dd, HM-9, JM–X = 13, JA–M
= 4), 5.57 (2H, dd, HA-9, JA–X = 12.4, JA–M = 4), 7.24–7.16 (3H, m, H-4
00 & H-500
& H-600), 7.33 (1H, dt, H-300), 7.37 (1H, dd, H-7), 7.48 (1H, dd, H-6), 7.52–7.49 (3H,
m, H-30,50 & H-40), 7.68 (1H, dd, H-5), 7.70 (1H, t, H-8), 8.17 (2H, dd, H-20,60)
2c 4.33 (1H, t, HX-2, JA–X = 12.4, JM–X = 13), 4.59 (2H, dd, HM-9, JM–X = 13, JA–M
= 4), 6.26 (2H, dd, HA-9, JA–X = 12.4, JA–M = 4), 5.21 (3H, s, OCH3), 8.41 (1H,
dd, H-40), 8.48 (1H, d, H-20), 8.51 (1H, d, H-60), 8.64 (1H, d, H-7), 8.71 (1H, d, H-50),
8.76 (2H, d, H-200, 600), 8.8 (1H, d, H-6), 8.87 (2H, d, H-300,500), 8.92 (1H, d, H-5), 9.01
(1H, d, H-8)
3a 3.08 (1H, dd, HA-3, JA–B = 13.6, JA–X = 5), 3.28 (1H, dd, HB-3, JA–B = 13.6, JB–X
= 4) 3.81(1H, s, NH) 5.23 (1H, m, HX-2), 6.86 (1H, dd, H-4
00), 7.13–7.07 (4H, m, H-
200,600 & H-300,500) 7.28 (1H, m, H-8), 7.37 (1H, m, H-7) 7.44–7.39 (3H, m, H-30,50 &
H-40) 7.45 (1H, d, H-6) 7.47 (1H, dd, H-9), 7.88 (2H, dd, H-20,60)
3b 3.21 (1H, dd, HA-3, JA–B = 13, JA–X = 7), 3.28 (1H, dd, HB-3, JA–B = 13, JB–X
= 4), 3.84 (1H, s, NH) 5.87 (1H, m, HX-2), 6.96 (1H, dd, H-4
00), 7.17–7.12 (2H, m,
H-500 & H-600), 7.24 (1H, dt, H-300,), 7.25 (1H, d, H-8) 7.37–7.33 (1H, m, H-7), 7.43–
7.40 (3H, m, H-30,50 & H-40), 7.46–7.44 (1H, m, H-6), 7.83 (1H, dd, H-9), 7.88 (2H, d,
H-20,6)
4 1.53 (3H, t, CH3), 3.87 (3H,s,OCH3), 4.64 (2H, q, OCH2), 7.04 (2H, d, H-3
00, 500,
J= 8.8), 7.39 (1H,s,H-5), 7.62 (4H, d, H-30,50, H-300,500, J= 8.8), 7.94 (2H, d, H-20,60
J= 8.6)
5 3.04, 3.80 (HA & HB), 5.42 (2H, d, H-5, HX), 6.57 (2H, s, 2NH), 7.31–7.19 (5H, m,
H-200,600 & H-300,500 & H-400), 7.41 (3H, t, H-30,50 & H-40), 7.78 (2H, d, H-20,60)
6 5.4 (2H, s, NH2), 7.6 (1H, s, H-5), 7.6 (2H, d, H-3
0, 50), 7.89 (2H, d, H-20, 60), 7.90
(2H, d, H-200, 600), 7.6 (3H, m, H-300, 500& H-400)
7 2.2 (1H, d, HA-2), 2.9 (1H, q, H-1), 4.2 (1H, d, HB-2) 4.8 (1H, d), 5.2 (1H, s, OH),
7.64–7.05 (5H, m, H-20,60 & H-30,50 & H-40& H-200,600 & H-300,500 & H-400)
8 0.96 (3H, t, H-8), 1.21 (3H, t, H-80), 3.4 (1H, dd, HA-2, JA–B = 17, JA–X = 10), 3.5
(1H, dd, HB-2, JA–B = 17, JB–X = 5), 3.8 (1H, d, H-4, J= 10), 3.9 (2H, q, H-7), 4.1
(2H, q, H-70), 4.2 (1H, m, HX-1), 7.24–7.11 (5H, m, H-2000,6000 & H-3000,5000 & H-4000),
7.38 (2H, t, H-300,500), 7.48 (1H, dt, H-400), 7.85 (2H, dt, H-200,600)
9 1.01 (3H, t, H-10, J= 7), 2.98, 3.07 (HA & HB), 3.82–3.74 (2H, dd, H-3&H-4), 4.03
(2H, q, H-9, J= 7), 6.53 (1H, s, H-6), 7.33–7.22 (5H, m, H-200,600 & H-300, 500 & H-
400), 7.52–7.37 (5H, m, H-20,60 & H-30,50 & H-40)
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Table 3 13C NMR data of Compounds (1–9) in CDCl3(DMSO-d6) (d in ppm, J in Hz).
Compd.
no.
13C NMR
1a 190.6 (C‚O), 144.9 (Cb), 138.2 (C-10), 134.9 (C-1), 132.9 (C-40), 130.6 (C-30) & (C-
50), 129 (C-3) & (C-5), 128.7 (C-4)& (C-20) & (C-60), 128.6 (C-2) & (C-6), 122.16 (Ca)
1b 190.7(C‚O), 161.8 (C-4), 144.8 (Cb), 138.6 (C-10), 132.7 (C-40), 130.3 (C-20) & (C-60),
128.7 (C-30) & (C-50), 128.5 (C-2) & (C-6), 127.7 (C-1), 119.9 (Ca), 114.5 (C-3) & (C-
5), 55.5(OCH3)
1c 189.4 (C‚O), 145.5 (Cb), 136.9 (C-10), 134.8 (C-1), 132 (C-30) & (C-50), 130.8 (C-40),
130.1 (C-20) & (C-60), 129.1 (C-3) & (C-5), 128.6 (C-2) & (C-6), 127.9 (C-4), 121.5
(Ca)
1d 189.4 (C‚O), 161.9 (C-4), 145.3 (Cb), 137.3 (C-10), 131.9 (C-30) & (C-50), 130.4 (C-20)
& (C-60), 130 (C-2) & (C-6), 127.7 (C-1), 127.5 (C-40), 119.2 (Ca), 114.5 (C-3) & (C-5),
55.5 (OCH3)
1e 190.4 (C‚O), 140.6 (Cb), 137.97 (C-10), 135.5 (C-1), 133.3 (C-2), 133 (Ca), 131.3 (C-
40), 130.4 (C-4), 128.8 (C-30) & (C-50), 128.7 (C-20) & (C-60), 127.9 (C-3), 127.2 (C-6),
124.8 (C-5)
1f 189.4 (C‚O), 160.1 (C-30), 143.3 (Cb), 139.4 (C-10), 134.5 (C-1), 132.4 (C-3) & (C-5),
131.4 (C-2) & (C-6), 130.5 (C-50), 124.6 (C-4), 123.4 (Ca), 121.7 (C-60), 119.9 (C-40),
113.6 (C-20), 55.9 (OCH3)
2a 169.1 (C‚N), 152.6 (C-11), 144.3 (C-100), 137.8 (C-10), 135.2 (C-40), 131.2 (C-8),
129.9 (C-7), 128.9 (C-20) & (C-30) & (C-50) & (C-60), 127.9 (C-400), 127.5 (C-300) & (C-
500), 126.1 (C-200) & (C-600), 125.4 (C-5), 125.5 (C-6), 122.9 (C-10), 60.6 (C-2), 37.7 (C-
9)
2b 168.7 (C‚N), 152.7 (C-11), 144.4 (C-100), 137.6 (C-10), 135.2 (C-40), 131.3 (C-8) & (C-
600), 131.4 (C-200), 129.9 (C-7) & (C-300), 129.5 (C-500), 128.9 (C-20) & (C-60), 128.1 (C-
400), 127.6 (C-30) & (C-50), 125.4 (C-5), 125.6 (C-6), 122.7 (C-10), 56.3 (C-2), 36.4 (C-
9)
2c 169.9 (C‚N), 161.46 (C-30), 153.8 (C-11), 144.5 (C-100), 140.4 (C-10), 136.5 (C-50),
133.3 (C-300) & (C-500), 131.1 (C-7), 131.3 (C-8), 129.2 (C-200) & (C-600), 126.8 (C-5) &
(C-6), 123.8 (C-400), 122.9 (C-10), 121.3 (C-60), 118.9 (C-40), 113.6 (C-20), 61.2
(OCH3), 56.9 (C-2), 38.9 (C-9)
3a 167.4 (C‚N), 145.1 (C-100), 139.2 (C-11), 138.4 (C-10), 130.3 (C-10), 129.1 (C-20) &
(C-60), 129 (C-30) & (C-50), 128.5 (C-300) & (C-500), 128.2 (C-8), 128.1 (C-40), 127.1 (C-
200) & (C-600), 126.6 (C-400), 126.1 (C-6), 121.5 (C-7), 120.8 (C-9), 70.7 (C-2), 37.9 (C-
3)
3b 167.4 (C‚N), 142.1 (C-100), 139.6 (C-11), 139.1 (C-10), 138.6 (C-200), 131.5 (C-10),
130.3 (C-40), 129.7 (C-20) & (C-60), 129.1 (C-300), 128.9 (C-30) & (C-50), 128.5 (C-600),
128.1 (C-400), 127.5 (C-8), 127 (C-500), 126.7 (C-6), 121.6 (C-7), 120.7 (C-9), 67 (C-2),
34.8 (C-3)
4 170 (C‚N), 156.7 (C-6), 149 (C-4), 143.4 (C-400), 132.1 (C-30 & C-50), 129.9 (C-20 &
C-60), 128.8 (C-200 & C-600), 124.9 (C-10), 115.8 (CN), 114.5 (C-300 & C-500), 112.9 (C-
100), 105.9 (C-40), 99.2 (C-5), 88.9 (C-3), 63.5 (OCH2), 55.5 (OCH3), 14.6(CH3)
5 158.4 C-3 (propanone), 155.6 (C-4) & (C-6), 151.2 (C-2), 144.2 (C-10), 132 (C-100),
130.3 (C-400), 129.2 (C-20)0 & (C-600), 129.1 (C-300) & (C-500), 127.6 (C-40), 126.9 (C-3)
0& (C-50), 125.9 (C-20 & C-60), 60.3 (C-5) & C-1 (propanone), 42.9 C-2 (propanone)
7 204.1, 143.9 (C‚O), 137.3, 136.4 (C-100), 133.7, 129.2 (C-40), 133.6, 129.5 (C-10),
129.1, 127.8 (C-400), 128.9, 128.6 (C-20 & C-60), 128.8, 128.7 (C-30 & C-50), 128.2,
128.7 (C-300 & C-500), 128.1, 124.6 (C-200 & C-600), 113.8 (2CN), 51.6, 74.6 (C-2), 46.2,
50.3 (C-1), 40.7, 48.0 C-2 (malononitrile)
8 197.6 (C‚O), 168.4 (C-5), 167.7 (C-9), 140.5 (C-1000), 136.8 (C-100), 133.1 (C-400),
128.6 (C-200 & C-600), 128.4 (C-300 & C-500), 128.3 (C-3000 & C-5000), 128.1 (C-2000 & C-
6000), 127.2 (C-4000), 61.7 (C-70), 61.4 (C-7), 57.6 (C-4), 42.7 (C-2), 40.9 (C-1), 14.1 (C-
80), 13.8 (C-8)
9 194.1 (C‚O), 169.3 (C-7), 158.6 (C-1), 141 (C-100), 137.7 (C-10), 130.6 (C-40), 128.9
(C-30 & C-50), 128.8 (C-300 & C-500), 127.5 (C-400), 127.3 (C-200 & C-600), 126.2 (C-20 &
C-60), 124.2 (C-6), 61 (C-4), 59.7 (C-9), 44.2 (C-2), 36.2 (C-3), 14 (C-10)
48 N.A. Al-Jaber et al.2.8. General procedure for the synthesis of 2,4-Diphenyl-2, and
3-dihydro-1H-benzo[b] [1,4] diazepine (3a–b)
These compounds were prepared according to a reported pro-
cedure (Rodriguez et al., 2004).Under exclusion of light, a mixture of o-phenylenediamine
(0.004 mol) and the appropriate chalcones (0.004 mol) in abso-
lute ethanol (15 mL) and TEA (3 mL) was reﬂuxed for 15 h. The
reaction mixture was cooled overnight. The formed precipitate
was ﬁltered off and crystallized from ethanol to give (3a, b).
NS
Cl
129.86
125.63
131.33
125.44
122.74
152.74
56.27
36.40
144.39 131.26
129.53
128.14
129.98131.38
168.74
137.57
128.88
135.20
127.56
Figure 1 13C NMR assignments of 2b.
Study of Michael addition on chalcones and or chalconeanalogues 492.9. 2,4-Diphenyl-2, and 3-dihydro-1H-benzo[b] [1,4]
diazepam (3a)
Brown crystals, m.p. 129 C; IR (cm1): 3354 (NH); 1607
(C‚N); MS: m/z (%) 298 [M+] (92.7) (C21H18N2);
1H
NMR (CDCl3): d 3.08 (1H, dd, HA-3, JA–B = 13.6, JA–
X = 5), 3.28 (1H, dd, HB-3, JA–B = 13.6, JB–X = 4), 3.81
(1H, s, NH), 5.23 (1H, m, HX-4), 6.86 (1H, dd, H-4
00), 7.13–
7.07 (4H, m, H-200, 600 & H-300, 500), 7.28 (1H, m, H-8), 7.37
(1H, m, H-7), 7.44–7.39 (3H, m, H-30, 50 & H-40), 7.45 (1H,
d, H-6), 7.47 (1H, dd, H-9), 7.88 (2H, dd, H-20, 60); 13C
NMR (CDCl3): (Table 3).
2.10. 2-(2-Chloro-phenyl)-4-phenyl-2,3-dihydro-1H-
benzo[b][1,4] diazepine (3b)
Brown crystals, m.p. 132 C; IR (cm1): 3252 (NH); 1610
(C‚N); MS: m/z (%) 332 [M+] (35.6) (C21H17N2
35Cl); 1H
NMR (CDCl3): d 3.21 (1H, dd, HA-3, JA–B = 13, JA–X = 7),
3.31 (1H, dd, HB-3, JA–B = 13, JB–X = 4), 3.84 (1H, s, NH),CH3
O
R
H
R'
O
O
R
1
2 mol% InCl3
EtOH
N
S
Et3N  ,  EtOH
exclusion of light
reflux , 15h
N
H
N
2a-c
3a,
NaOH/ EtOH
Scheme5.87 (1H, m, HX-4), 6.96 (1H, dd, H-4
00), 7.17–7.12 (2H, m,
H-500 & H-600), 7.24 (1H, dt, H-300), 7.25 (1H, d, H-8), 7.37–
7.33 (1H, m, H-7), 7.43–7.40 (3H, m, H-30,50 & H-40), 7.46–
7.44 (1H, m, H-6), 7.83 (1H, dd, H-9), 7.88 (2H, d, H-20,60);
13C NMR (CDCl3): (Table 3).R'
a-f
SH
NH2
R'
R
R R'
H H
H 2-Cl
3-OCH3 4-Br
R R'
H H
H 4-OCH3
4-Br H
4-OCH34-Br
H 2-Cl
3-OCH3 4-Br
NH2
NH2
R'
R
R R'
H H
H 2-Cl
1
a
b
c
d
e
f
b
2
a
b
c
3
a
b
1
NH
N
Cl
120.7
127.9
121.6
126.6
139.0
139.6
67.04
34.8
167.4
131.4
129.7
128.9
130.3
142.1
138.5
129.1
128.1
127.0
128.5
Figure 2 13C NMR assignments of 3b.
50 N.A. Al-Jaber et al.2.11. General procedure for the synthesis of 6-(4-Bromo-
phenyl)-2-ethoxy-4-(4-methoxy-phenyl)-nicotinonitrile (4)
A mixture of 1d (0.005 mol) and malononitrile (0.005 mol)
was added with stirring at r.t. to a freshly prepared sodium
ethoxide solution (0.005 mol of sodium metal in 50 ml of abso-
lute ethanol). Then the mixture was heated under reﬂux for
1 h, the solid produced after cooling was collected by ﬁltration,
and crystallized from ethanol to give (4).
2.12. 6-(4-Bromo-phenyl)-2-ethoxy-4-(4-methoxy-phenyl)-
nicotinonitrile (4)
Yellow crystals, m.p. 197 C; IR (cm1): 1609 (C‚N); 2218
(C„N); 1H NMR (CDCl3): d 1.53 (3H, t, CH3), 3.87 (3H, s,
OCH3), 4.64 (2H, q, OCH2), 7.04 (2H, d, J= 8. 8, H-3
00 &
H-500, AA0 part of AA0XX0 system), 7.39 (1H, s, H-5), 7.62
(2H, d, J= 8.8, H-200 & H-600, XX0 part of AA0XX0 system),
7.62 (2H, d, J= 8.8 Hz, H-30 & H-50, AA0 part of AA0XX0 sys-
tem), 7.94 (2H, d, J= 8.44, H-20 & H-60, XX0 part of AA0XX0
system); 13C NMR (CDCl3): d 14.57 (CH3); 55.53 (OCH3);
63.50 (OCH2); 88.95 (C-3); 99.21 (C-5); 105.93 (C-4
0); 112.92
(C-100); 114.53 (C-300 & C-500); 115.82 (CN); 124.97 (C-10); 128.8
(C-200 & C-600); 129.9 (C-20 & C-60); 132.1 (C-30 & C-50); 143.4
(C-400); 149.0 (C-4); 156.7 (C-6); 170 (C-2).
2.13. General procedure for the synthesis of 5-(3-oxo-1,3-
diphenyl-propyl)-2-thioxo-dihydro-pyrimidine-4,6-dione (5)
A mixture of 1a (0.01 mol), thiobarbituric acid (0.01 mol) in
ethanol (30 mL) and TEA (1 mL) was reﬂuxed for 3 h, the ob-
tained solid after cooling was collected by ﬁltration, and crys-
tallized from ethanol to give (5).
2.14. 5-(3-Oxo-1, 3-diphenyl-propyl)-2-thioxo-dihydro-
pyrimidine-4, 6-dione (5)
White crystals, map. 210 C; IR (cm1): 1283 (C‚S), 1670,
1685 (C‚O), 3493 (2NH); 1H NMR (DMSO-d6): d 3.04,
3.80 (HA & HB), 5.42 (2H, d, HX & H-5), 6.57 (2H, s, 2NH),
7.31–7.19 (5H, m, H-200, 600 & H-300, 500 & H-400), 7.41 (3H, t,
H-30, 50 & H-40), 7.78 (2H, d, H-20, 60); 13C NMR (DMSO-
d6): d 42.9 (C-2 (propenone)), 60.3 (C-1(propenone) & C-5),
125.9 (C-20 & C-60), 126.9 (C-30 & C-50), 127.6 (C-40), 129.1
(C-300 & C-500), 129.2 (C-200 & C-600), 130.3 (C-400), 132.0 (C-
100), 144.2 (C-10), 151.2 (C-2), 155.6 (C-4 & C-6), 158.4
(C‚O (propenone)).
2.15. General procedure for the synthesis of 2-Amino-6-(4-
bromo-phenyl)-4-phenyl-nicotinonitrile (6)
A mixture of 1c (0.01 mol), malononnitrile (0.01 mol) and
ammonium acetate (0.08 mol) in ethanol (50 mL) was reﬂuxed
for 8 h. The formed precipitate was ﬁltered off and crystallized
from ethanol to give (6).
2.16. 2-Amino-6-(4-bromo-phenyl)-4-phenyl-nicotinonitrile (6)
Orange crystals, m.p. 221 C; IR (cm1): 1608 (C‚N), 2208
(C„N), 3389, 3390 (NH2); MS: m/z (%) 349 [M
+] (100)(C18H12
79BrN3);
1H NMR (CDCl3): d 5.36 (2H, s, NH2), 7.6
(1H, s, H-5), 7.6 (2H, d, H-30, 50), 7.9 (2H, d, H-20, 60), 7.9
(2H, d, H-200, 600), 7.6 (3H, m, H-300, 500 &H-400); we were unable
to perform the 13C NMR spectrum as the compound was spar-
ingly soluble in CDCl3 and DMSO.
2.17. General procedure of Michael addition under PTC-
conditions: synthesis of Michael adducts (7–9)
A mixture of 1a (0.01 mol), active methylene reagents
(0.024 mol), anhydrous potassium carbonate (3.0 g) and tetra-
butylammonium bromide (1.5 g, 0.003 mol) in benzene
(100 mL) was stirred under reﬂux. The reaction was monitored
by TLC. After completion, the reaction mixture was cooled
and the precipitated solid was ﬁltered off, the residue was crys-
tallized from ethanol to give the corresponding Michael ad-
ducts (7–9) (Batterjee et al., 2007).
2.18. 2-(3-Oxo-1,3-diphenyl-propyl)-malononitrile (7)
Beige hairy crystals, m.p. 209 C; IR (cm1): 1642 (C‚O),
2226, 2230 (C„N), 3421 (OH); MS: m/z (%) 274 [M+]
(4.99) (C18H14N2O);
1H NMR (CDCl3): d 2.2 (1H, d, HA-2),
2.9 (1H, dt, H-1), 4.2 (1H, d, HB-2), 4.8 (1H, d), 7.64–7.05
(10H, m, Ar-H); 13C NMR (CDCl3): d 40.7, 48.0 (C-2 (malon-
onitrile)), 46.2, 50.3 (C-1), 51.6, 74.6 (C-2), 204.1, 143.9 (C-3),
113.8 (2CN), 133.6, 129.5 (C-10), 128.9, 128.6 (C-20 & C-60),
128.8, 128.7 (C-30 & C-50), 133.7, 129.2 (C-40), 137.3, 136.4
(C-100), 128.1, 124.6 (C-200 & C-600), 128.2, 128.7 (C-300 & C-
500), 129.1, 127.8 (C-400).
2.19. 4-(3-Oxo-1,3-diphenyl-propyl)-malonic acid diethyl ester
(8)
Yellow crystals, m.p. 71 C; IR (cm1): 1680 (C‚O), 1726
(C‚O (ester)); MS: m/z (%) 368 [M+] (5.58) (C22H24O5);
1H
NMR (CDCl3): d 3.4 (1H, dd, HA–2, JA–B = 17, JA–X = 10),
3.51 (1H, dd, HB-2, JA–B = 17, JB–X = 5), 4.2 (1H, m, HX-
1), 3.8 (1H, d, H-4, J= 10), 3.9 (2H, q, H-7), 0.96 (3H, t,
H-8), 4.1 (2H, q, H-70), 1.21 (3H, t, H-80), 7.85 (2H, dt, H-200
& H-600), 7.38 (2H, t, H-300 & H-500), 7.48 (1H, dt, H-400),
7.24-7.11 (5H, m, H-20,60 & H-30,50 & H-40); 13C NMR
(CDCl3): d 13.8 (C-8), 14.1 (C-80), 40.9 (C-1), 42.7 (C-2),
57.6 (C-4), 61.4 (C-7), 61.7 (C-70), 127.2 (C-4000), 128.1 (C-2000
& C-6000), 128.4 (C-300 & C-500), 128.3 (C-3000 & C-5000), 133.1
Study of Michael addition on chalcones and or chalconeanalogues 51(C-400), 136.8 (C-100), 140.5 (C-1000), 167.7 (C-50), 168.4 (C-5),
197.6 (C-3).
2.20. 2-Oxo-4,6-diphenyl-cyclohex-3-enecarboxylic acid ethyl
ester (9)
White crystals, m.p. 112 C; IR (cm1): 1657 (C‚O), 1733
(C‚O (ester)); MS: m/z (%) 320 [M+] (37.57) (C21H20O3);
1H NMR (CDCl3): d 1.01(3H, t, H-9), 2.98, 3.07 (HA & HB),
3.82–3.74 (2H, dd, H-6 & H-1), 4.03 (2H, q, H-8), 6.53 (1H,
s, H-3), 7.33–7.22 (5H, m, H-200 & H-600 & H-300 & H- 500 &
H-400), 7.52–7.37 (5H, m, H-20 & H-60 & H-3 0& H-50 & H-
40); 13C NMR (CDCl3): d 14.0 (C-9), 36.2 (C-6), 44.2 (C-5),
59.7 (C-8), 61.01(C-1), 124.2 (C-3), 126.2 (C-20 & C-60), 127.3O
R R'
(1a , R = R' = H )
(1c , R = 4-Br , R' = H )
(1d , R = 4-Br , R' = 4-OCH3 )
HN
O
S
Et3N , E
reflux 
malononitrile
EtOH , EtONa
reflux , 1h
malononitrile
EtOH , AcNH4
reflux , 8h
Br
N
OCH2CH3
CN
OCH3
Br
N
CN
NH2
4
6
with 1c
with 1d
with
Scheme(C-200 & C-600), 127.5 (C-400), 128.8 (C-300 & C-500), 128.9 (C-30
& C-50), 130.6 (C-40), 137.7 (C-10), 141.0 (C-100), 158.6 (C-4),
169.3 (C-7), 194.1 (C-2).
3. Results and discussion
In this article, we describe a novel and rapid approach for the
synthesis of 2-benzyl-3-phenyl-2H-benzo[1,4]thiamine (2a–c)
from o-aminothiophenol (o-ATP) and 1,3-diphenyl-propenone
1a, e, f using indium(III) chloride as a catalyst (Yadav et al.,
2005). Accordingly, treatment of o-aminothiophenol (o-ATP)
with 1,3-diphenyl-propenone 1a, e, f in the presence of
2 mol% of InCl3 in ethanol at room temperature afforded
2a–c (Scheme 1) in higher yield (Table 1).NH
O
tOH
, 3h
HN NH
S
O OO
5
 1a
2
52 N.A. Al-Jaber et al.The structures of compounds 2a–c were conﬁrmed on the
basis of IR, 1H NMR, 13C NMR and mass spectral data.
The IR spectra showed the absence of the peaks of C‚O
and presence of common characteristic absorption peaks for
C‚N at 1608–1611 cm1.
The mass spectrum of 2b displayed a molecular ion peak
[M+] at m/z 349 which is consistent with its molecular formula
C19H18N2O2S, and the presence of strong peak with molecular
weight m/z 91 for the tropylium ion indicates the existence of a
six-member ring structure and not as suggested by Yadav et al.
The 1H NMR spectrum displayed a triplet at d 3.00 ppm for
CH-2, two doublets at d 3.37 and d 5.57 ppm for CH2-9, be-
sides the other aromatic protons (Table 2). The 13C NMR
spectral data of 2b (Fig. 1) showed the absence of C‚O peak
and the presence of common characteristic absorption peaks as
they are consistent with the proposed structure. Compound
2a–c was characterized by IR, MS, 1H NMR and 13C NMR
(Table 3).
Compounds 1a, e also reacted with o- phenylenediamine to
give the 2, 3-dihydro-1H-1,5-benzodiazepine derivatives 3a, b
(Rodriguez et al., 2004). The structures were conﬁrmed by dif-
ferent spectral data (Tables 1–3) (Scheme 1). The IR spectrum
of 3a, b showed the absence of the peaks of C‚O and the
appearance of C‚N stretching peaks at 1607–1610 cm1 and
of NH stretching at 3252–3354 cm1. The mass spectrum of
3b displayed a molecular ion peak [M+] at m/z 332 which is
consistent with its molecular formula C21H17N2
35Cl. The 1H
NMR spectrum of 3b was characterized by a triplet at d
5.87 ppm for H-2, displayed two doublets at d 3.21 ppm and
d 3.31 ppm for the CH2 group at position 3 (CH2 was close
to a chiral carbon) and displayed a singlet at d 3.84 ppm for
NH (D2O exchange), and aromatic protons of the molecule
(Table 1). The 13C NMR spectrum showed a peke at d
4.82 ppm for the CH2 group at position 3, and line at d
67.04 ppm for C-2, line at d 167.44 ppm for the C‚N group
at C-4, spectral data of 3b (Fig. 2) were consistent with the pro-
posed structure. Compound 3a, b were characterized by IR,
MS, 1H NMR and 13C NMR (Tables 1–3).
Michael addition of malononitrile to 1d in the presence of
NaOH/EtOH under the condition of reﬂux condenser gave
6-(4-Bromo-phenyl)-2-ethoxy-4-(4-methoxy-phenyl)-nicotino-
nitrile 4 (Scheme 2). Spectral data of 4 (Fig. 3) were consistent
with the proposed structure.
The IR spectral data showed C‚N stretching peak at
1609 cm1, C„N stretching peak at 2219 cm1. The 1H
NMR spectrum of 4 was characterized by a triplet at d
1.53 ppm for the CH3 group, a singlet at d 3.87 ppm for theN
OCH2 CH3
CN
Br OCH 3
105.93
132.12
129.93
124.97
156.69
99.21
149.04
88.95
115.82
14.5763.50
170
112.92 128.84
114.53
143.44
55.53
Figure 3 13C NMR assignments of 4.CH3 group at position 4
00 and a quartet at d 4.64 ppm for
the OCH2 group at C-2, in addition to the aromatic protons
(Table 2).
The 13C NMR spectrum of 4 showed a line at d 14.57 ppm
for the CH3 group, at d 55.53 ppm for the CH3 group at posi-
tion 400 and at d 63.50 ppm for the OCH2 group at position C-
2, at d 115.82 pmm for C„N.
Michael addition of thiobarbituric acid to 1,3-diphenyl-
propenone 1a in the presence of triethylamin (TEA) gave 5-
(3-oxo-1,3-diphenyl-propyl)-2-thioxo-dihydro-pyrimidine-4,6-
dione 5 (Scheme 2). The structure of 5 was conﬁrmed by IR
spectral data which showed 2 C‚O for Thiobarbituric acid
stretching peak at 1685 cm1, C‚O stretching peak at
1670 cm1, C‚S stretching peak at 1283 cm1 and 2NH
stretching peak at 3493 cm1. The 1H NMR spectrum of com-
pound 5 showed peak at d 5.42 ppm was observed due to H-
1(propanone) and H-5 (of thiobarbituric acid), also at d 3.04
and 3.80 ppm for the CH2 group at position H-2 (propanone)
and showed a broad peak at d 6.57 ppm attributed to 2NH, be-
side the other aromatic protons (Table 2). The 13C NMR spec-
tral data of 5 (Fig. 4) were consistent with the proposed
structure.
The synthesis of 2-amino-6-(4-bromo-phenyl)-4-phenyl-
nicotinonitrile 6 was achieved by reaction of 1-(4-bromo-
phenyl)-3-phenyl-propenone 1c with malononitrile in the
presence of ammonium acetate and ethanol (Scheme 2). The
structure of 6 was conﬁrmed by IR spectral data which showed
NH2 stretching peak at 3390 and 3389 cm
1, C„N stretching
peak at 2208 cm1 and C‚N stretching peak at 1608 cm1.
The mass spectrum of 6 displayed a molecular ion peak
[M+] at m/z 349 which is consistent with its molecular formula
C18H12
79BrN3. The
1H NMR spectrum displayed a singlet at d
5.38 ppm for NH2, another singlet at d 7.58 ppm attributed to
CH group at position 5, beside the absorption of aromatic
protons at d 7.17–7.90 ppm (Table 2). We were unable to
perform the 13C NMR spectrum as the compound was spar-
ingly soluble in CDCl3 and DMSO.
A mixture of an equimolar amounts of 1,3-diphenyl-prope-
none 1a and the selected active methylene reagents (malononit-
rile, diethylmalonate, ethylacetoacetate), in benzene/K2CO3 as
liquid/solid phases and in the presence of TBAB as catalyst are
stirred, vigorously, under reﬂux. The mixture underwent base
catalyzed Michael addition to give 2-(3-oxo-1,3-diphenyl-
propyl)-malononitrile 7,4-(3-oxo-1,3-diphenyl-propyl)-malonic
acid diethyl ester 8, and 2-oxo-4,6-diphenyl-cyclohex-3-
enecarboxylic acid ethyl ester 9 (Batterjee et al., 2007), as
colorless products, after a short reaction period, in good yield
(Scheme 3). The spectral data are listed in (Tables 1–3).HN NH
O O O
S 151.16
155.56155.56
60.27
60.2742.89
158.39
132.03
129.17
129.10
130.25
144.15
125.91
126.98
127.55
Figure 4 13C NMR assignments of 5.
OCNNC
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NC CN
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